We carry out a detailed analysis of the scalar sector of the nonminimal supersymmetric standard model with lepton number violation, and study the constraints imposed on it by the stability of the electroweak symmetry breaking vacuum. The model contains a trilinear lepton mumber violating term in the superpotential together with the associated supersymmetry breaking interactions which can give rise to neutrino masses. We evaluate the mass matrices for the various boson and fermion modes and then discuss the effect that the lepton number violating interactions have on the mass spectra using a phenomenological precription to implement the experimental constraints on the light neutrinos mass matrix. We also discuss qualitatively the conditions on the lepton number violating parameters set by the unbounded from below directions, and from the absence of the charge and color breaking minima in this model.
I. INTRODUCTION
There are suggestive hints of lepton number violation in the observation of neutrino flavor oscillations [1] . The link between the new physics beyond the Standard Model (SM) and lepton number violating interactions has so far been realized in two main theoretical frameworks. The first option, the see-saw mechanism [2] , uses physics at the grand unified scale, with lepton number violation represented by the non-renormalizable interaction of dimension 5, L ef f = 1 Λ (LH u )(LH u ), where L and H u are the lepton and Higgs doublets, respectively. The second option involves minimal supersymmetric standard model (MSSM) with broken (generalized) lepton parity, and uses bilinear and/or trilinear lepton number violating couplings in the superpotential, with lepton number violation occurring at the weak scale [3] .
Recently, we have pointed out [4] that in the context of low energy supersymmetry there is an attractive option of generating neutrino masses in the nonminimal supersymmetric standard model (NMSSM) with trilinear lepton number violation. Unlike the minimal supersymmetric standard model (MSSM), the superpotential of the NMSSM is scale invariant.
What is perhaps even more interesting is the presence of an additional lepton number violating trilinear coupling in the superpotential of NMSSM which has no analog in the MSSM.
In the NMSSM with lepton number violation we have a situation which is different from the one that arises in the see-saw mechanism or the bilinear lepton number violation in MSSM in that no dimensionful mass parameters (large or small) are introduced.
There are several reasons for studying the nonminimal supersymmetric standard model. First, and foremost, it is the simplest supersymmetric extension of the Standard Model in which the electroweak scale originates from the supersymmetry breaking scale only. Second, and as mentioned above, this model breaks lepton number and R-parity explicitly through a unique trilinear superpotential term [5, 6] . Third, the model can successfully explain the pattern of neutrino masses with normal type of hierarchy [4] without invoking either a large or a small mass parameter. And last, but not the least, its enlarged Higgs sector may help in relaxing the fine-tuning and little hierarchy problems of the MSSM [7] , thereby opening new perspectives for the Higgs boson searches at the next generation of high energy colliders. . Strong correlations usually exist between the fundamental and the dynamical parameters. Thus, the experimental observations for the light neutrino mass matrix tightly constrain certain combinations of the parameters which characterize the inequivalent field directions distinguishing the down-type Higgs boson from the sleptons, and hence the interactions which conserve lepton number from those which violate it. One may hope that imposing the necessary restrictions on the misalignment type parameters would still leave some freedom in the parameter space so as to allow the lepton number violating interactions to significantly affect the physics of the NMSSM. There is a close analogy here with the situation that obtains in the MSSM with R-parity violation [8] [9] [10] [11] [12] [13] [14] [15] .
At the tree level, the size of the neutrino Majorana mass matrix is knownn to be controlled by deviations from theλ A ∝ v A alignment, such that the predicted single non-vanishing neutrino mass is proportional to iλ ′ 2 i , where the effective misalignment parameters are defined by the linear combinationsλ ′ i ≡λ i − λv i /v d . We have previously shown [4] that the suitably constrained NMSSM predicts an acceptable neutrino mass matrix of a normal hierarchy type so that the tentative limits on the heaviest neutrino mass, m ντ < (10 MeV − 1 eV), set bounds on the effective parameters given byλ ′ i < (3. 10 −2 − 10 −5 ). Bounds of similar type were found for the couplingsλ i in the basis v i = 0 in an attempt to fit an extended version of the model to the neutrino mass differences and mixing angles [16] . It has also been observed that ratios as large asλ i /λ ∼ 10 −1 might be allowed at the price of fine tuning the NMSSM parameters [17] . As far as one-loop contributions to the neutrino mass matrix is concerned, the situation is more complex due to the larger number of unknown parameters and the presence of several sources of contributions arising in perturbation theory.
Thus, to supress the contributions from the one-loop amplitude involving the exchange of scalars and gauginos, it is necessary to impose strong constraints on the effective parameters,
controlled by the B A ∝ v A alignment. Supersymmetric models, including the nonminimal supersymmetric standard model, contain a large number of scalar fields, such as the scalar partners of quarks and leptons, which are not present in the Standard Model. As a result, the scalar potential of supersymmetric models is fairly complicated. Such a potential can have minima which could lead to the breakdown of color or electric charge conservation through the vacuum expectation values of squark and slepton fields. The condition that the global minimum of the theory does not violate color or electromagnetic gauge invariance provides useful constraints on the parameter space of the underlying supersymmetric model, as has been well illustrated in the context of the minimal supersymmetric standard model [18] [19] [20] [21] [22] and its extended version with broken R parity symmetry [23, 24] . Significant bounds can be obtained not only on the value of the trilinear soft supersymmetry breaking parameters, but also on the values of the bilinear soft scalar supersymmetry breaking parameter, as well as scalar and gaugino masses, respectively.
The possibility that one can reproduce the lepton number violating observables without imposing strong restrictions on the coupling constantsλ i motivates us to examine how the scalar sector of the NMSSM is affected by treatingλ i as free parameters. One may expect interesting implications regarding the stability of the regular vacuum solution and the properties of the neutral and charged scalars. While performing the calculations within a field basis independent formalism [8] [9] [10] [12] [13] [14] [15] is highly desirable, this is very tedious and is not particularly illuminating. It requires an unusually large amount of effort which is not warranted at the present stage of our study. We, thus, choose to pursue the calculations within a basis dependent formalism. In principle, there is a choice of basis for the neutrino superfields in which the sneutrino VEVs can be set to zero at the expense of transferring through a superfield redefinition the couplings L i H u S to the trilinear lepton number violating couplings of the matter superfields. Although the calculations are greatly simplified in the basis v i = 0, there is a risk that this choice biases the parameter space exploration, as has clearly been pointed out in the above discussion regarding the neutrino mass matrix. In 4 fact, in the basis choice v i = 0, the couplingsλ i are so strongly suppressed that the issue of establishing any observable effect on the scalar sector would be closed from the very start.
In the present work, we shall adopt the view that the lepton number violation phenomenology allows the couplingsλ i to cover a wide range of variation, 0 ≤ |λ i /λ| ≤ 1.
Thus, we treat all theλ A on the same footing, while requiring the soft and dynamical parameters to satisfy the near alignment properties, v A ∝ B A and v A ∝λ A , in agreement with the observations. Following a phenomenological approach, we treatλ i as free parameters, and determine v i and B i by restricting the linear combinationsλ
are determined by minimizing the scalar potential, this procedure implies a fine tuning. However, one can use symmetries to impose in a natural way a preferred direction in the L A field space along which the various parameters get aligned.
While the horizontal flavor discrete symmetries [25, 26] indeed have the ability to enforce an approximateλ A ∝ v A alignment, this property is robust only in the case of hierarchically small ratios,λ
, which is not exactly what we want. By contrast, the supergravity inspired models of the type discussed by Nilles and Polonsky [27] , in which theλ A L A H u S couplings arise from non-renormalizable interactions controlled by a spontaneously broken U(1) R type symmetry, are compatible with all theλ A having the same size. The alignment is realized dynamically via universal type boundary conditions on the soft parameters, and remains typically stable under the renormalization group [27, 28] . Our main purpose is to study the impact of the lepton number violation on the electroweak symmetry breaking vacuum of the nonminimal supersymmetric standard model consistent with the experimental measurements for the light neutrinos. In the first stage, we discuss its stability by testing for the occurrence of tachyons (negative eigenvalues of the squared mass matrices) for the charged and neutral scalar modes. In the second stage, we analyze the dangerous directions in the scalar field space along which the scalar potential is unbounded from below (UFB) or develops deeper charge and/or color breaking (CCB) minima. Distinct methods must be used at these two stages, which both involve the non-supersymmetric couplings in an essential way. This paper is organized as follows. In Section II we describe the nonminimal supersymmetric standard model with lepton number violation, and set up our notation and conventions. Complementary definitions and results are summarized in the Appendix A. In Section III we discuss the conditions on the superpotential couplings and supersymmetry 5 breaking couplings required to exclude the tachyon scalar modes for the regular vacuum.
In Section IV we explore the conditions on the superpotential and supersymemtry breaking couplings implied by the lifting of UFB directions, and the removal of CCB minima. In Section V we summarize our main conclusions.
II. THE NMSSM WITH BARYON AND LEPTON NUMBER VIOLATION
In this section we summarize the basic features of the superpotential and the associated soft breaking terms for the nonminimal supersymmetric standard model with baryon and lepton number violation, and establish our notation and conventions. Some of the details are further discussed in the Appendix A.
A. Superpotential and soft breaking terms
The superpotential of NMSSM with baryon and lepton number violation is characterized by the scale invariant supepotential
where W RP C and W RP V are the baryon and lepton number (and R-parity) conserving, and baryon and lepton number (and R-parity) violating contributions, respectively to the superpotential [4] . These contributions are written down explicitly in Appendix A. In the absence of lepton number conservation, there is no distinction between the down-type
Higgs (H d ) and the lepton superfields (L i ) as they transform identically under the SM gauge group. We can, therefore, employ a four vector notation for the down type Higgs and the lepton superfields, and the Yukawa couplings
which is given in detail in Eq. 
The supersymmetric contribution to the Lagrangian of NMSSM with baryon and lepton number violation generated by the superpotential (II.3) can be obtained by a standard procedure. To this we must add the supersymmetric contribution from the D-terms generated by the gauge interactions. In addition to the supersymmetric part, the Lagrangian consists of soft supersymmetry breaking terms, which include soft trilinear scalar couplings and soft masses for all scalars and gauginos, respectively. The part of the soft supersymmetry breaking scalar potential of NMSSM containing trilinear scalar couplings can be written as (note that it is −V that occurs in the Lagrangian)
We recall our convention of summing over the repeated indices for the (suppressed) color indices and for the squark and slepton generation labels, i, j, k, · · · = 1, 2, 3. Assuming that the squark fields point in a fixed direction in the color space, no summations over the color indices would be present in the above formulae. Furthermore, assuming that the VEVs for the squarks and sleptons of different generations affect the scalar potential independently of each other, allows one to disregard the summations over the generation labels.
In order to discuss NMSSM in a somewhat realistic manner, it is necessary to include the one-loop contributions to the scalar potential. We shall make the usual assumption [29, 30] that the scalar potential is dominated by the top quark and squark modes whose explicit contributions are given by
wherem t = λ t v u is the top quark mass and m
, (i = 1, 2) denote the squared masses of the top squarks. We do not discuss this point any further, as detailed discussions can be found in Refs. [29] [30] [31] [32] . 
For completeness, we also observe that in the presence of lepton number violation the NMSSM still satisfies a Peccei-Quinn symmetry in the limit κ → 0 and a R type symmetry in the limit A λ → 0, Aλ i → 0, where the U(1) P Q and U(1) R groups are defined by the assign-
(3, 0, 2, 1, 4, 1, 3, 2). In the limit x → ∞, withλ A x = −µ A , κx, Aλ Aλ A x = −B A µ A fixed, the physical observables must reduce to those of the MSSM with bilinear R-parity violation [24] .
In order to obtain significant contributions to the scalar sector observables from the lepton number violating interactions, some subset of the parametersλ i , Aλ 
, while the one-loop contributions from the scalar-neutralino exchange Feynman diagrams, for instance, involve the invariant misalignment parameters, |B ∧ v| and |B ∧λ|. By contrast, the lepton number conserving observables can also depend on the scalar productsv
To avoid the excessive effort involved in developing the basis independent formalism, we have pursued the analysis by making a fixed choice of the L A field basis, while distinguishing between the free and constrained parameters phenomenologically. Although the choice v i = 0 is perfectly admissible, this biases the exploration of the parameter space. Upon working in the basis choice v i = 0, the constraints from the tree and loop level contributions to the neutrino mass matrix can be implemented in several ways. Since the tree contribution is proportional toλ 
, is then implemented by using the parameterization of the Higgs-sneutrinos VEVs
where we retain the usual definition for the ratio of VEVs, tan of our previous work [4] , bounds the misalignment parameter |B ∧ v|, or equivalently the effective parameters η i ≡
. With the restrictions from the neutrino masses set onλ For definiteness, we quote below the formulae obtained with prescription I.
C. Mass Matrices of Scalar Bosons
The lepton number violating term proportional toλ i in the superpotential (A.2) produces mixing between the charged Higgs bosons and scalar leptons [4] . Similarly, there will 13 be mixing between the charginos and the charged leptons. These mixings can be studied through the appropriate mass matrices. Here we discuss the mass matrices of charged Higgs bosons/charged scalar leptons, and neutral Higgs bosons/ neutral scalar leptons, respectively. The mass matrices for charginos/charged leptons and neutralinos/neutral leptons are discussed in the next subsection. The field basis for the charged Higgs-slepton scalar modes is denoted by the column vectors
with the mass term in the Lagrangian given by
After a straightforward calculation, we obtain the mass squared matrix for the charged scalars whose elements can be written as
For completeness, we have quoted the results for general bases of the slepton fields. The above formulae agree with Ref. [34] for the MSSM with R parity violation.
We now consider the neutral spin-0 Higgs-sneutrino fields whose real and imaginary parts carry positive and negative CP quantum numbers. The field basis for the CP-even and CPodd Higgs-sneutrino scalar modes are defined by the Lagrangian mass terms as
where the neutral spin-0 fields have the decomposition
The mass squared matrix for CP-even scalars in the prescription I, using the equations of motion forν i to eliminate the mass parameter m
as free parameters, is given
and for the CP-odd modes by
The above formulae agree in the case of vanishing sneutrino VEVs, v i = 0, with those obtained in our previous work [4] .
The change of basis to the would-be Goldstone bosons in charged and neutral sectors is implemented through the transformation
In order to project out the CP-odd modes and the massless Goldstone mode, G 0 , one simply needs to apply on the 2-dimensional Higgs bosons subspace the 2 × 2 matrix rotation 
T . The mass eigenstate fields are defined in terms of the mixing matrices which diagonalize the squared mass matrices as
Among the variety of observables of use in testing the scalar sector (partial decay rates
we mention, for later reference, the ratio of Z boson vertex couplings ZZH I to the Higgs bosons defined by ξ ZZH I = (
D. Mass Matrices for Neutralinos and Charginos
The mass matrix for the coupled system of neutralino and neutrino fields has been calculated in our previous paper [4] . Since the formulae for this matrix are rather complicated and were given in full form there, we do not reproduce these results here. We shall now concentrate on the mass matrix for the charginos/charged leptons. The mass term in the Lagrangian for the charginos receives contributions coming from the following sources:
1. Contributions from gauge interactions:
where T a is the generator of the underlying gauge group, λ a is the corresponding gaugino, and φ i , ψ j are the components of the matter superfield.
2. Contributions from the superpotential (in our sign convention):
where W is the superpotential, and φ i are the scalar components of a chiral superfield.
3. Soft supersymmetry breaking gaugino masses:
where"2" here refers to the SU(2) L gauge group, and i are SU(2) L indices. Putting together all these contributions, we can write the mass term for the charginos/charged leptons as
where we have chosen the basis
with the mass matrix for the charginos/charged leptons given by
Here we have assumed that the lepton Yukawa coupling and mass matrices, λ
III. IMPLICATIONS ON SCALAR SECTOR AND VACUUM STABILITY
Before discussing the scalar sector, we briefly discuss some numerical predictions for the light neutrino masses. The tree level contribution and the supposedly dominant oneloop contribution arising from neutralino-slepton exchange, give a neutrino mass matrix of approximate structure in the lepton generation space, m ν,ij ≃ aλ
where the coefficients a, b are expected to have a smooth dependence on the parameters λ, tan β, and x. The pair of non-vanishing mass eigenvalues of this matrix are expressed in terms of the invariant parameters by
For clarity, we quote the explicit expression for the single non-vanishing neutrino Majorana mass eigenvalue present at the tree level [4] 
We have attempted to extract the values of the coefficients a and b from numerical calculations of the tree level formula, Eq. (III.2), and of the one-loop amplitude in Eq. (III.54) of our previous work [4] . Using the reference set of parameters given in the caption of Fig. 1 with tan β = 2, gives us the following order of magnitude estimates: a ≈ 10 GeV, b ≈ 10
GeV. For these predictions to be compatible with the limit on the neutrino mass, |m ν | < 1 eV, we need to impose λ ′ i < 10 −5 , η i < 10 −4 . We have not attempted a global fit to the neutrino experimental data but note that this could be done by following a similar treatment as that used for the MSSM with bilinear R parity violation [35] .
A. Numerical Study of Scalar Sector
In order to have a reliable semi-quantitative description of the NMSSM, we have added In Fig. 1 we present the results of our numerical calculations for the masses of the lightest neutral and charged scalar modes, and neutralino and chargino modes as a function of the lepton number violating coupling, which we take to vary within the rangeλ i /λ ∈ [0, 1].
At small tan β = O(1), the modifications induced byλ i are essentially quantitative. As the coupling increases, the lightest CP-even scalar mass is enhanced and the CP-odd and charged scalar masses are reduced. This effect of enhancement and reduction of masses are clearly seen at large values of r ≡ x/v. These results are also sensitive to the value of the VEV ratio tan β = v u /v d . While the constraints on the scalar masses restrict tan β to a small natural range in the NMSSM, this feature is even more pronounced for large values of the lepton number violating interactionsλ i ≈ λ. Already for the value tan β = 8, the mass spectra undergo a qualitative change with large negative contributions to both the neutral and charged scalar bosons causing the vacuum instability signalled by the occurrence of tachyons atλ i /λ ≥ 0.5. This is explained by inspection of Eq. (II.28) which shows how increasing v i /v d proportionately toλ i /λ has the same effect as an increase of tan β. The allowed intervals for tan β further shrink with increasing x. We also present in Fig. 1 .03, respectively. Our choice of the parameters, as given in Ref. [32] (Fig. 1) , is described by the values: λ = 0.5, κ = +0.5, A λ = 500 GeV, A κ = +250 GeV, and A u t = 1 T eV, mQ = mŨ c = 1 T eV, Q = 300 GeV, which enter the tree and one-loop contributions to the scalar potential.
In the prescription I in which we work, we set the sneutrino mass parameter at m 2
The neutralino-neutrino and chargino-lepton mass matrices are evaluated by assuming the relation between the gaugino mass parameters 
IV. CONSTRAINTS FROM UNBOUNDED FROM BELOW DIRECTIONS AND CHARGE AND COLOR BREAKING MINIMA A. General Considerations
The stability of the regular vacuum with respect to the UFB directions and the distant CCB minima in the scalar field space are expected to give useful constraints on the NMSSM parameters. We briefly recall here the main features of the renormalization group approach to this problem which was extensively discussed in the context of MSSM [22] . This approach is particularly useful in the context of a gravity mediation of supersymmetry breaking in grand unified theories (supergravity GUT), where the unknown independent parameters consist of a small set of parameters and one can develop semi-analytic methods. The idea is to select suitable directions in the scalar field space along which the contributions to the scalar potential are dominated by the supersymmetry breaking terms while those from Although a similar programme for the NMSSM with lepton number violation appears to be well motivated, its implementation is substantially complicated by the need to consider two-dimensional field directions which include the singlet field S = x as an independent variable, since there are no obvious correlations between the contributions from the electroweak singlet and non-singlet fields. Another complication stems from the fact that the renormalization group formalism is more complicated. This can be seen from the absence of studies of the dangerous field directions for the NMSSM beyond the preliminary works [36] [37] [38] . The progress achieved through the quasi fixed point solution for the running parameters [39, 40] or the numerical studies of physical constraints [41, 42, 44] are not of direct help to us in the present work. Since our main focus is on the lepton number violation, rather than solving the full-fledged problem, we shall follow a simple phenomenological approach, which we now describe. We assign natural values for the lepton number conserving Yukawa couplings and soft parameters which respect the regular minimum stability, and then examine the effect of increasing the lepton number violating parametersλ i , B i , v i , consistently with the constraints from the neutrino mass matrix. This approach is similar in spirit to that followed in [24] . 
The above formula is seen to be independent of the slepton-Higgs boson soft mass parameters, so that it holds in the same form in the prescription where one eliminates m
. We also note that the quartic and quadratic dependence on the VEVs coming from the gauge interactions combine into a term of same form as the minimum value of the scalar potential in the MSSM with bilinear R-parity violation
B. Unbounded From Below Directions
The Higgs-slepton field directions of interest are those which minimize the positive contributions from F − and D−terms and maximize the negative contributions from soft masses and trilinear couplings. There are three main unbounded from below directions defined by
The singlet field dependence of the potential makes an analytic study intractable. For instance, minimizing the potential with respect to S introduces a non-polynomial dependence with respect to the variables describing the electroweak non-singlet field directions.
We now discuss the three UFB directions in detail. Along the UF B−1 direction described by the two variables |H d | = |H u | = w and S = x, the potential is given by
We have included the dependence on µ 2 du although this parameter is expected to be absent, as already discussed, in the minimal version of the model. For λ = 0, the would-be UFB direction is lifted at large w, and features a minimum at w min unless B(x) > 0. It is useful to note that B(x) is a quadratic form in x with an extremum at x min defined by
Since this is a minimum provided that 2λ(λ−κ)+λ 2 i > 0, one can express the condition for the absence of the UFB-1 direction by the appoximate bound on the soft parameters
It is interesting to compare with the corresponding bound in the MSSM, B(
. To obtain the improved constraint, one should determine the position of the potential minimum, x min and w min , and require the condition V U F B−1 (x min , w min ;Q) ≥
The UFB-2 field direction can be conveniently described by the parameterization
, which is designed to cancel the D−terms.
The scalar potential is given by the quartic order polynomial in w
where
Since the UFB-2 direction coincides with the UFB-1 direction at θ = 0, to determine whether one avoids a distant minimum along w it is only necessary to test the condition . To achieve B(x, 0) > 0, it is more favorable to restrict to the choice A λ < 0. We now attempt to assign by hand typical values to the relevant free coupling and mass parameters, and determine numerically whether the lepton number violating interactions can drive B(x, θ) to negative values if it started from a positive value at θ = 0. The dependence on θ is displayed in Fig. 4 for typical values of the input parameters which are specified in the caption of that figure. We see from these results that for trilinear couplings Aλ , gets removed upon increasingλ i /λ. We conclude that the lepton number violating interactions can be effective for lifting the UFB-3 field direction.
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C. Electric Charge and Color Breaking Minima
The lepton number violating interactions may generate a minimum of the scalar potential along the field direction involving finite VEVs for the charged Higgs-slepton fields,
This so-called type II charge breaking minimum has been initially considered by Hirsch et al. [24] for the MSSM with bilinear R-parity violation. We pursue a corresponding analysis for the NMSSM with lepton number violation by solving the equations of motion for the neutral fields in terms of the soft mass parameters m 
in the equations of motion for v − and e i , we find that the equations in leading order ofλ i only admit the trivial solution v − = 0, e i = 0. Thus, we reach the conclusion that as long as the couplingsλ i are small compared to unity, the lepton number violating interactions cannot cause the emergence of charge breaking vacuum solution. This conclusion for NMSSM corresponds to that reached in Ref. [24] for the MSSM.
To determine whether a non-trivial solution is favored at finiteλ i , we attempt to solve numerically the equations of motion for v − and e i , and compare the minimum value V min with the regular minimum value V M IN at a discrete set of values of the parametersλ i and v i .
For fixed tan β, we evaluate V M IN by using the formulas Finally, we comment briefly on the issue of charge and color breaking minima in the NMSSM by focusing on the field directions [18] described by v u =ũ i =ũ c i = w and the singlet field VEV x, with all other fields vanishing. Assuming x to be frozen, for simplicity, one finds that the resulting potential, . This approximate result suggests that the bounds on A u i should become weaker upon increasingλ i . The general field direction described by [22] (|v u |, |u i |, |u c i |, |v d |, |v j |) = (1, α, β, γ, γ L )w along with the singlet field VEV x, involves a more elaborate discussion which we shall not pursue here.
V. CONCLUSIONS
In the present work we have examined the effect of lepton number conserving and violating Yukawa couplings of same size,λ i ≈ λ, on NMSSM. One expects significant modifications for the scalar sector observables since the spontaneous electroweak gauge symmetry breaking is now linked to both the down type Higgs boson and sleptons. An important challenge was raised by the need to define a simple parameterization of the model consistent with the constraints on the light neutrinos without specifying in detail the underlying dynamics.
Noting that the dominant contributions to the neutrino Majorana mass matrix are controlled by the effective alignment parametersλ There is no unique prescription, and the one used may well single out a non-generic region of the NMSSM parameter space. To answer this objection, one could attempt building a supergravity unified model with a U(1) R symmetry spontaneously broken in a hidden sector so as to check whether this respects an approximate dynamical alignment robust under the renormalization group scale evolution, following a similar analysis as that of Nilles and Polonsky [27] .
In the first part of the present work we examined the impact of the lepton number violating interactions on the mass spectra of scalars. The vacuum stability constraints were found to restrict the VEV parameters, tan β = v u /v d and x, to narrower intervals than in the lepton number conserving case. This property is reflected in the fact that the bounds onλ i become stronger for larger tan β and x. There are certain analogies between our study and that developed for the MSSM with bilinear R-parity violation by Davidson et al. [14] in terms of the basis invariant parameter δ R , corresponding to i η i in our basis choice, at fixed values of the CP-odd scalar masses. The conclusions in the latter work regarding the reduced range of variation of tan β and the size of the corrections to the scalar sector masses are qualitatively similar to ours. However, no meaningful comparison can be made because 33 of the different parameterizations.
The second part of the present work was devoted to a qualitative study of the vacuum stability contraints from the UFB field directions and the CCB minima. The discussion for this case, unlike that in the first part, does not bear directly on the implementation of the parameter alignment conditions. Based on illustrative examples covering a small part of the parameter space, we found that the lepton number violating interactions may have a positive impact on the regular vacuum stability provided the coupling constantsλ i and Aλ i assume large enough values. Since the approach of selecting field directions based on the renormalization group cannot be developed in the NMSSM by analytic means only, its advantage over a systematic numerical exploration covering the full field space is not clear.
Nevertheless, our discussion indicates that pursuing the renormalization group approach on more quantitative grounds is worthwhile. The recent progress in developing efficient numerical methods to search the global minimum of the scalar potential in multidimensional field spaces [45] could be useful for further studies along these lines.
APPENDIX A: USEFUL FORMULAS AND CONVENTIONS
The R-parity conserving and R-parity violating parts of the NMSSM superpotential can be written as
The covariant four vector notation for the lepton and the down-type Higgs superfields, and for the Yukawa couplings, employed in this paper is We use the following convention in writing the multiplication of chiral electroweak doublet superfields: 
